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STACK TIMING ADJUSTMENT FOR SERIAL
COMMUNICATIONS

TECHNICAL FIELD

The embodiments described below relate to protocol
stacks and, more particularly, to stack timing adjustment for
serial communications.

BACKGROUND

Serial communications between master and slave devices
sometimes rely on timing to determine the beginning and
end of a communication. For example, the Modbus com-
munication protocol employs a master-slave arrangement in
which the master initiates all communication activity. In this
arrangement, the master sends a command to the slave. The
slave waits for a period of time, typically 3.5 characters,
betore responding. If the master does not send any other data
alter the period of time, the slave 1s allowed to send a
response. This arrangement ensures that only the master or
the slave 1s communicating at a given time. Other commu-
nication protocols employ similar timing constraints such as
the Highway Addressable Remote Transducer (HART) pro-
tocol. The HART protocol 1s a multi-master protocol with
various timing constraints, such as the slave time-out (STO),
link grant RT1, and link quiet RT2, that determine when a
device on the network can communicate.

The serial communications are typically transmitted
through a Umversal Asynchronous Receiver/Transmitter
(UART) that sequentially transmits binary data. For
example, a program on the master may generate a command
that conforms to the Modbus standard and send the com-
mand through the UART. The slave can receive the binary
data with the slave’s UART. The UART can provide the
binary data to the slave’s program or embedded system,
which can interpret the binary data according to the Modbus
standard. The slave can then generate a response to the
command and send 1t through the UART to the master. The
response 1s then interpreted by the master according to the
Modbus standard. Similar methods can be employed with
other serial communication protocols.

As can be appreciated, the correct interpretation of the
sequentially transmitted binary data must be according to the
serial communication protocols. The communication proto-
cols can define timing intervals such as the time to complete
a communication, wait periods between receiving and trans-
mitting, bit sizes of fields 1n the communication, or the like.
For example, 1f the master’s UART transmits a request
packet, where there 1s a gap 1n the binary data (an 1interven-
ing one-character silence), the slave will not see this as two
independent request packets. If the gap exceeds 3.5 charac-
ter times, then the slave will incorrectly see this as two
independent request packets.

The Universal Serial Bus (USB) 1s gradually replacing
older UART-based serial communication protocols as a
de-facto hardware standard. For example, many computers
that functioned as masters 1n the UART-based serial com-
munication protocols are being replaced by computers with
USB interfaces. However, programs that employ the UART-
based serial communication protocols are still being utilized

in many applications. To communicate through the USB
interfaces, the serial communications are ‘stacked’ on a

virtual UART layer and transmitted over the USB interface

according to the USB standard.
However, when UAR'T-based serial communications that

rely on timing are transmitted over the USB interface, timing,
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2

errors can result when the communications are interpreted.
Accordingly, there 1s a need for a stack timing adjustment
for serial communications.

SUMMARY

A method for stack timing adjustment for serial commu-
nications 1s provided. According to an embodiment, the
method comprises receiving a USB communication, decod-
ing the USB communication into UART frames, and adjust-
ing a timing ol the UART frames according to a serial
protocol.

A USB device with stack timing adjustment for serial
communications 1s provided. According to an embodiment,
the USB device with stack timing adjustment comprises a
USB controller configured to recetve a USB communication
and extract an encoded serial packet from the USB com-
munication. The USB device with stack timing adjustment
further comprises a microprocessor configured to decode the
encoded serial packet into UART frames and a stack timing
adjustment configured to adjust a timing of the UART
frames according to a serial protocol.

A commumnications system with stack timing adjustment
for serial communications 1s provided. According to an
embodiment, the communications system with stack timing
adjustment for serial communications comprises a USB
device that 1s adapted to encode a senial packet into a USB
communication and a USB device with stack timing adjust-
ment 1n communication with the USB device. The USB with
stack timing adjustment 1s configured to extract and decode
the serial packet from the USB communication and adjust a
timing of the serial packet.

Aspects

According to an aspect, a method for stack timing adjust-
ment for serial communications comprises recerving a USB
communication, decoding the USB communication into
UART frames, and adjusting a timing of the UART frames
according to a serial protocol.

Preferably, the step of decoding the USB communication
into UART frames comprises ordering the UART frames.

Preferably, the step of adjusting the timing of the UART
frames according to the serial protocol comprises adding a
delay between two or more serial packets encoded 1nto the
USB communication.

Preferably, the step of adjusting the timing of the UART
frames according to the serial protocol comprises removing
inter-character delays added to a senial packet encoded into
the USB communication.

Preferably, the serial protocol comprises a Modbus pro-
tocol.

Preferably, the serial protocol comprises a HART proto-
col.

Preferably, the USB communication comprises a USB
CDC message with a serial packet.

According to an aspect, a USB device with stack timing
adjustment (100) comprises a USB controller (100a) con-
figured to receive a USB communication and extract an
encoded serial packet from the USB communication, a
microprocessor (1000) configured to decode the encoded
serial packet into UART frames, and a stack timing adjust-
ment circuit (100¢) configured to adjust a timing of the
UART frames according to a serial protocol.

Preferably, the microprocessor (10056) 1s further config-
ured to order the UART frames 1n a sequence.

Preferably, the stack timing adjustment circuit (100c¢)
configured to adjust the timing of the UART frames accord-
ing to the serial protocol comprises the stack timing adjust-




US 10,649,947 B2

3

ment circuit (100¢) configured to add a time delay between
two or more of the serial packets encoded into the USB
communication.

Preferably, the stack timing adjustment circuit (100c¢)
configured to adjust the timing of the UART frames accord-
ing to the serial protocol comprises the stack timing adjust-
ment circuit (100c¢) configured to remove inter-character
delays added to the serial packet encoded into the USB
communication.

Preferably, the senial protocol comprises a Modbus pro-
tocol.

Preferably, the serial protocol comprises a HART proto-
col.

Preferably, the USB communication comprises a USB
CDC message with a serial packet.

According to an aspect, a communications system with
stack timing adjustment (50) for serial communications
comprises a USB device (200) that 1s adapted to encode a
serial packet nto a USB communication and a USB device
with stack timing adjustment (100) 1n communication with
the USB device (200). The USB device with stack timing
adjustment 1s configured to extract and decode the serial
packet from the USB communication and adjust a timing of
the serial packet.

Preferably, the USB device with stack timing adjustment
(100) 1s further configured to respond to the serial packet
with a serial response packet that 1s encoded into a response
USB communication.

Preferably, the USB device (200) 1s a master that 1s further
configured to encode a serial request packet into the USB
communication.

BRIEF DESCRIPTION OF THE DRAWINGS

The same reference number represents the same element
on all drawings. It should be understood that the drawings
are not necessarily to scale.

FIG. 1 shows a block diagram 10 of a prior art commu-
nications system with a USB device 12 and a senial device
14.

FIG. 2 shows a more detailed partial view of the block
diagram 10 shown in FIG. 1.

FIG. 3 shows a block diagram of a communications
system with stack timing adjustment 50 according to an
embodiment.

FIG. 4 shows a more detailed block diagram of the USB
device with stack timing adjustment 100 described with
reference to FIG. 3.

FIG. 5 shows a protocol stack with timing adjustment 500
according to an embodiment.

FIG. 6 shows a Modbus protocol stack with stack timing,
adjustment 600 according to an embodiment.

FIG. 7 shows a HART protocol stack with stack timing
adjustment 700 according to an embodiment.

FIG. 8 shows a method for stack timing adjustment 800
for serial communications according to an embodiment.

DETAILED DESCRIPTION

FIGS. 1-8 and the following description depict specific
examples to teach those skilled in the art how to make and
use the best mode of embodiments of a stack timing adjust-
ment for serial communications. For the purpose of teaching,
inventive principles, some conventional aspects have been
simplified or omitted. Those skilled in the art will appreciate
variations from these examples that fall within the scope of
the present description. Those skilled in the art will appre-
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4

ciate that the features described below can be combined 1n
various ways to form multiple variations of the stack timing
adjustment for serial communications. As a result, the
embodiments described below are not limited to the specific
examples described below, but only by the claims and their
equivalents.

FIG. 1 shows a block diagram 10 of a prior art commu-
nications system with a USB device 12 and a senal device
14. In the arrangement shown 1n FIG. 1, a converter box 16
1s between the USB device 12 and the serial device 14. A
USB cable 18 couples the converter box 16 to the USB
device 12 through a USB port 18a. The converter box 16 1s
also coupled to the serial device 14 with a serial communi-
cations cable 19 through a serial communications port 19a.
The following 1s a more detailed description of the serial
device 14 and the converter box 16 that shows how hardware
redundancy can be eliminated by the stack timing adjust-
ment for serial communications.

FIG. 2 shows a more detailed partial view of the block
diagram 10 shown 1n FIG. 1. The block diagram 10 includes
the serial device 14, the converter box 16, the USB cable 18,
and the serial communications cable 19 described with
reference to FIG. 1. Also shown 1s a RS485 converter 14a
that 1s coupled to the serial communications cable 19.
However, 1n alternative embodiments, other physical layers
can be employed, such as the Bell202 or the RS422 physical
layers. The RS485 converter 14a 1s also shown as being 1n
communication with a RS232 UART 1454. Alternatively, the
RS485 converter 14¢ may not be employed. Instead, the
RS232 UART 14b may be employed to communicate with
the converter box 16. In the embodiment shown, a micro-
processor 14c 1s coupled to the RS232 UART 14b4. The
microprocessor 14¢ provides a serial protocol stack 144 to,
for example, a soiftware executing on the USB device 12.
FIG. 2 also shows the converter box 16 as having a USB
controller 16a that 1s coupled to the USB cable 18. In the
converter box 16, a microprocessor 165 1s coupled to the
USB controller 16a and a RS232 UART 16c¢. The RS232
UART 16c¢ 1s coupled to a RS485 converter 164. Alterna-
tively, the RS485 converter 16d may not be employed.
Instead, the RS232 UART 16¢ may be 1n communication
with the serial device 14. In the embodiment shown, the
RS485 converter 16d 1s coupled to the serial communica-
tions cable 19 and in communication with the RS485
converter 14a 1n the serial device 14.

As can be appreciated from FIG. 2, the use of the RS485
converter 14a can require redundant hardware. For example,

both of the serial device 14 and the converter box 16 include
the microprocessors 14¢, 1656, the RS232 UARTSs 145, 16c¢,

and the RS485 converters 14a, 16d. The functions of the
redundant hardware involve the encoding and decoding of
the serial communications between the USB device 12 and
the serial device 14. For example, the RS485 converter 164
in the converter box 16 encodes the UART {rames from the
RS232 UART 16c¢ and the RS485 converter 14a 1n the serial
device 14 decodes the UART frames. Accordingly, elimi-
nating the redundant functions of encoding and decoding the
UART frames can eliminate the redundant hardware. The
following description illustrates how the stack timing adjust-
ment can reduce or eliminate timing errors and redundant
communications hardware.

FIG. 3 shows a block diagram of a communications
system with stack timing adjustment 30 according to an
embodiment. In the embodiment shown, the communica-
tions system with stack timing adjustment 50 includes a
USB device with stack timing adjustment 100 coupled to a

USB device 200 with a USB cable 120. The USB cable 120
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1s coupled to the USB device with stack timing adjustment
100 through the USB port 110 and to the USB device 200

through a USB port 210.

The USB device with stack timing adjustment 100 can be
any appropriate USB device that can include the stack
timing adjustment of serial communications. For example,
the USB device with stack timing adjustment 100 may be a
flow meter transmitter that includes software that generates
a serial packet. In some embodiments, data may be obtained
from the flow meter and converted into the serial packet 1n
response to a request from the USB device 200. The serial
packet may be generated according to a serial communica-
tions protocol. In this exemplary embodiment, the USB
device with stack timing adjustment 100 may be a slave to
the USB device 200.

The USB device 200 can be any appropriate USB device
that 1s able to communicate with the USB device with stack
timing adjustment 100. For example, in the foregoing
example where the USB device with stack timing adjust-
ment 100 1s the transmitter that obtains the data from the
flow meter, the USB device 200 may be a personal computer
running software that can send a serial request packet. The
serial request packet may comply with the serial communi-
cations protocol employed by the USB device with stack
timing adjustment 100. Accordingly, the USB device with
stack timing adjustment 100 can correctly interpret and
respond to the serial request packet with a serial response
packet.

As will be described 1n more detail in the following, the
USB device 200 can encode the serial packet into a USB
communication. For example, the serial request packet can
be encoded 1into a USB communications device class (CDC)
message. The USB CDC 1s a USB standard that defines
communications between devices with different interfaces,
such as serial interfaces. However, encoding the serial
packet into a USB communication can add a delay, such as
a time delay, to the serial packet. The delay can also be an
inter-character delay between two or more characters in the
serial packet. These and other delays can cause communi-
cation 1ssues if the timing 1s not adjusted. For example, a
time delay added to a Modbus serial request packet without
a timing adjustment by a Modbus slave can prevent a
response due to the presence of a 3.5 inter-character delay
between two or more characters 1n the Modbus serial request
packets. Inter-character delays can cause erroneous decod-
ing of the serial request packets, which can lead to incorrect
data responses and commands and even catastrophic failures
in industrial equipment. Additional details of the stack
timing adjustment that can prevent such 1ssues i1s described
in the following.

FIG. 4 shows a more detailed block diagram of the USB
device with stack timing adjustment 100 described with
reference to FIG. 3. As shown 1n FIG. 4, the USB device
with stack timing adjustment 100 includes a USB controller
100a that 1s coupled to the USB cable 120 via the USB port
110. The USB controller 1004 1s coupled to a microproces-
sor 100b. A stack timing adjustment circuit 100c¢ 1s shown as
being coupled to the microprocessor 1006. In alternative
embodiments, the stack timing adjustment circuit 100¢c may
be part of the microprocessor 10056. The stack timing adjust-
ment circuit 100¢ can provide a serial protocol stack 1004 to,
for example, software executing on the USB device with
stack timing adjustment 100.

The USB controller 100a can receive a USB communi-
cation from the USB device 200. The USB communication
may be comprised of a USB CDC message with the serial
packet generated by the software executing on the USB
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device 200. The details of encoding the serial packet into the
USB communication are described in more detail in the

tollowing with reference to FIGS. 5-8. The USB controller

100a can be any appropriate USB controller that i1s able to
decode the USB communication to extract the encoded
serial packet from the USB communication. The USB
controller 100a may extract and provide the encoded serial
packet to the microprocessor 1005.

The microprocessor 1005 can be configured to decode the
encoded serial packet into UART frames. The microproces-
sor 10056 can be any appropriate microprocessor that 1s able
to decode the encoded serial packet into UART frames. For
example, the microprocessor 1005 can be a processor that
executes software that receives the extracted serial packet at
the high clock rate, builers the encoded serial packet so the
data rate complies with the UART format, and order the
UART frames in an appropriate sequence. The decoded
UART {frames can be provided to the stack timing adjust-
ment circuit 100c¢.

The stack timing adjustment circuit 100¢ can receive the
decoded UART {frames from the microprocessor 1005.
Although the decoded UART frames from the microproces-
sor 1005 may be ordered and have a data rate that complies
with the UART standard, the UART frames may still have
the delays discussed in the foregoing. For example, the
UART frames may have inter-character delays or inappro-
priate time delays between the serial packets. The stack
timing adjustment circuit 100¢ can adjust the timing of the
UART frames according to a serial protocol, as will be
discussed in the following with reference to FIGS. 5-8.
Accordingly, the stack timing adjustment circuit 100¢ can
provide the serial protocol stack 1004 without the delays to,
for example, software executing on the USB device with
stacking timing adjustment 100.

The senal protocol stack 1004 can be any serial protocol
stack that 1s employed by the USB device with stack timing
adjustment 100. For example, the USB device with stack

timing adjustment 100 may have software that receives and
sends communications that comply with the Modbus or
HART standards. In the embodiment where the USB device
with stack timing adjustment 100 1s the flow meter, the serial
protocol stack 1004 can be the serial request packet sent by
the USB device 200. Because the stack timing adjustment
allows the sernial communication to occur without errors
caused by the delays, the USB device 200 can respond
correctly to the serial request packet. Additional details of
the encoding and decoding of the serial packet are described
in the following.

FIG. 5 shows a protocol stack with timing adjustment 500
according to an embodiment. In the embodiment of FIG. 5,
a serial request packet 510 can be provided by, for example,
the USB device 200 described with reference to FIGS. 3 and
4. As shown m FIG. 5, the serial request packet 510 1is
encoded 1nto a plurality of UART frames 520. The plurality
of UART frames 520 1s shown as being comprised of a first
set of UART frames 520q and a second set of UART {frames
5205. In alternative embodiments, more or fewer UART
frames may be employed. As can also be seen 1n FIG. 5, the
plurality of UART frames 3520 i1s encoded mto a USB
communication 530. The first set of UART frames 520a is
encoded 1nto a first USB CDC message 530a and the second
set of UART frames 35206 1s encoded mnto a second USB
CDC message 530b6. In alternative embodiments, more or
tewer USB CDC messages 530a, 5306 may be employed.
The USB communication 530 can be sent to the USB device
with stack timing adjustment 100.
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Also shown 1n FIG. 3 1s a serial response packet 550 that
can be sent by, for example, the USB device with stack
timing adjustment 100 after receiving the USB communi-

cation 530. The serial response packet 550 can be sent to the
USB device 200 described with reference to FIG. 3. In the
embodiment of FIG. 5, the senial response packet 5350 1is

encoded 1nto a plurality of UART frames 360. The plurality
of UART frames 560 1s shown as comprised of a first set of

UART frames 560a and a second set of UART frames 5605.
The plurality of UART frames 560 1s encoded into a USB
communication 570. In the embodiment shown, the first set

of UART frames 560a 1s encoded into a first USB CDC
message 370a. The second set of UART frames 56056 1s
encoded 1nto a second USB CDC message 5705. The USB

communication 570 can be sent to, for example, the USB
device 200, 1n response to the serial request packet 510.
The serial request packet 510 can be a sequence of

characters that conform to a serial communication standard,
such as the Modbus and HART standards. However, other
serial communication standards are within the scope of the
present disclosure. The sequence of characters can represent
a command, query, data, etc. For example, the sequence of
characters might be a communication mitiated by an appli-
cation runmng on the USB device 200. The communication
may be addressed to the USB device with stack timing
adjustment 100 to request that data be provided to the USB
device 200 via the USB cable 120.

The senal request packet 510 1s encoded into the plurality
of UART frames 520 according to an interface standard. For
example, the plurality of UART frames 520 can be a
conversion of the serial request packet 510 1nto a sequence
of characters with timing and data rates that comply with a
serial interface standard, such as the RS232 standard. How-
ever, instead of transmitting the plurality of UART frames
520 through a RS232 connector, the plurality of UART
frames 520 1s encoded into the USB communication 330.

A portion of the plurality of UART frames 3520 can be
included 1n a portion of the USB commumnication 530. For
example, the USB CDC standard may allocate a portion of
a USB CDC message for encapsulating data. The portion of
cach of the USB communication 530 that 1s used to encap-
sulate the data 1s sometimes known 1n the art as a payload.
In some embodiments, the payload may have a limited
byte-width. For example, the payload may be 64 bytes wide.
Additionally, each of the plurality of UART frames 520 may
not have the same byte-width as the payload. As a result,
there may be unused characters in the payload. In addition,
cach of the plurality of UART frames 320 may be divided
among different USB communications 530. In these and
other embodiments, the USB communication 530 can be
used to communicate the plurality of UART frames 520.
Accordingly, the applications that are running on the USB
device with stack timing adjustment 100 do not need to be
modified or reprogrammed to communicate through, for
example, the USB port 110.

Also shown 1n FIG. 5§ 1s a time delay indicated by the
dashed lines between the serial request packet 510 and the
plurality of UART frames 520. The time delay can be due to
the USB device with stack timing adjustment 100 having
processing interrupts in, for example, the microprocessor
1005, or other delays while the serial request packet 510 1s
being decoded into the plurality of UART frames 520. The
time delay 1s illustrated as being between the serial request
packet 510 and the plurality of UART frames 520. However,
as described 1n the foregoing, other delays may occur. For
example, there may be delays between each of the plurality
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of UART frames 520, between two or more characters in
cach of plurality of UART frames 520, or the like.

As described 1n the foregoing with reference to FIGS. 3-4,
the stack timing adjustment circuit 100¢ can remove the
delays to ensure that the serial communications between the
USB device with stack timing adjustment 100 and the USB
device 200 occur without error. As can be appreciated, the
stack timing adjustment circuit 100c may comply with a
serial protocol. Exemplary serial protocols are described 1n
more detail 1n the following with reference to FIGS. 6 and
7.

FIG. 6 shows a Modbus protocol stack with stack timing,
adjustment 600 according to an embodiment. In the embodi-
ment of FIG. 6, a Modbus request packet 610 can be
provided by, for example, the USB device 200 described
with reference to FIGS. 3 and 4. As shown 1n FIG. 6, the
Modbus request packet 610 1s encoded into a plurality of
UART frames 620. The plurality of UART frames 620 1s
shown as being comprised of a first set of UART frames
620q and a second set of UART frames 6205. In alternative
embodiments, more or fewer UART 1frames may be
employed. As can also be seen 1n FIG. 6, the plurality of
UART frames 620 1s encoded into a USB communication

630. The first set of UART frames 620a 1s encoded 1nto a
first USB CDC message 630a and the second set of UART
frames 62056 1s encoded into a second USB CDC message
6305. In alternative embodiments, more or fewer USB CDC
messages may be employed. The USB communication 630

can be sent to the USB device with stack timing adjustment
100.

An end-of-packet (EOP) 640 delay 1s also shown 1n FIG.
6. The EOP 640 1s a delay or a period of time after the
Modbus request packet 610 that allows a slave to respond.
It the Modbus request packet 610 is received by the slave
with the 3.5 character delay, the slave can respond with a
Modbus response packet 650.

The Modbus response packet 650 can be sent by, for
example, the USB device with stack timing adjustment 100
after receiving the USB communication 630. The Modbus
response packet 650 can be sent to the USB device 200
described with reference to FIG. 3. In the embodiment of
FIG. 6, the Modbus response packet 650 1s encoded mto a
plurality of UART frames 660. The plurality of UART
frames 660 1s shown as comprised of a first set of UART
frames 660a and a second set of UART frames 660b. The
plurality of UART frames 660 1s encoded mnto a USB
communication 670. In the embodiment shown, the first set
of UART frames 660a 1s encoded mnto a first USB CDC
message 670a. The second set of UART frames 6606 1s
encoded 1nto a second USB CDC message 6705. The USB
communication 670 can be sent to, for example, the USB
device 200 1n response to the Modbus request packet 610.

The Modbus request packet 610 can be a sequence of
characters that conform to the Modbus communications
standard. The sequence can include commands sent by a
master to a slave. However, due to the delay illustrated by
the dashed lines shown 1n FIG. 6, the USB device with stack
timing adjustment 100 1s unable to respond without adjust-
ing the timing of the Modbus request packet 610. For
example, decoding the Modbus request packet 610 into the
plurality of UART frames 620 may cause the timing of the
Modbus request packet 610 to shift thereby reducing the
EOP 640 to less than 3.5 characters. As a result, the slave 1s
unable to respond to the Modbus request packet 610.

In addition, the Modbus standard divides the Modbus
request packet 610 to portions or fields defined by bit

lengths. For example, the Modbus RTU frame format can
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have a data portion after an address and function fields.
Encoding the Modbus request packet 610 into the USB
communication 630 can insert characters or bits 1nto these
fields. For example, as described in the foregoing with
reference to FIG. 5, the Modbus request packet 610 can be
divided among two or more USB commumnication 630. This
division can cause additional characters to be inserted into
the Modbus request packet 610. Similar delays can be added
to the senial packets in the HART protocol, which will be
described in more detail 1n the following.

FIG. 7 shows a HART protocol stack with stack timing
adjustment 700 according to an embodiment. In the embodi-
ment of FIG. 7, a HART request packet 710 can be provided
by, for example, the USB device 200 described with refer-
ence to FIGS. 3 and 4. As shown in FIG. 7, the HART
request packet 710 1s encoded into a plurahty of UART
frames 720. The plurality of UART frames 720 1s shown as
being comprised of a first set of UART frames 720q and a
second set of UART frames 72056. In alternative embodi-

ments, more or fewer UART frames may be employed. As
can also be seen 1n FIG. 7, the plurality of UART frames 720

1s encoded into a USB commumnication 730. The first set of
UART frames 720a 1s encoded imto a first USB CDC
message 730a and the second set of UART frames 7205 1s
encoded mto a second USB CDC message 73056. In alter-
native embodiments, more or fewer USB CDC messages
730a, 7300 may be employed. The USB communication 730
can be sent to the USB device with stack timing adjustment
100.

A slave time-out (STO) 740 period 1s also shown 1n FIG.
7. The STO 740 1s a maximum period of time after the

HART request packet 710 1n which the slave in the HART
standard must start to respond with, for example, the HART
response packet 750.

The HART response packet 750 can be sent by, for
example, the USB device with stack timing adjustment 100
alter recerving the USB communication 730. The HART
response packet 750 can be sent to the USB device 200

described with reference to FIG. 3. In the embodiment of
FIG. 7, the HART response packet 750 1s encoded into a

plurality of UART frames 760. The plurality of UART
frames 760 1s shown as comprised of a first set of UART
frames 760a and a second set of UART frames 7605. The
plurality of UART frames 760 1s encoded into a USB
communication 770. In the embodiment shown, the first set
of UART frames 760a 1s encoded mnto a first USB CDC
message 770a. The second set of UART frames 7606 1s
encoded 1nto a second USB CDC message 7705. The USB
communication 770 can be sent to, for example, the USB
device 200, 1n response to the HART request packet 710.

The HART request packet 710 can be a sequence of
characters that conform to the HART communications stan-
dard. The sequence can include commands sent by a master
to a slave. However, due to the delay illustrated by the
dashed lines shown in FIG. 7, the USB device with stack
timing adjustment 100 may not be able to respond without
timing adjustment of the HART request packet 710. For
example, decoding the HART request packet 710 into the
plurality of UART frames 720 may cause the timing of the
HART request packet 710 to shift thereby reducmg the
length of the STO 740. As a result, the slave i1s unable to
respond to the HART request packet 710.

In addition, the HART standard divides the HART request
packet 710 to portions or fields defined by bit lengths. As
shown in FIG. 7, the HART request packet 710 1s comprised
of a preamble 712, a delimiter 714, and a data 716 portion.
The HART response packet 750 1s similarly divided into a
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le 752, a delimiter 754, and a data 756 portion. The

preamb.
preamble 712, 752 1s a synchronization and carrier detection

ficld. The delimiter 714, 754 separates the preamble 712,
752 from the data 716, 756 portion. Although not shown 1n
FIG. 7, the data 716, 756 1s comprised of the address,
command, size, status, data field, and checksum fields 1n the
HART protocol.

The foregoing described delays can be removed from the
serial packets, such as the serial request packets 510-710,
with a stack timing adjustment, as will be described 1n more
detail in the following.

FIG. 8 shows a method for stack timing adjustment 800
for serial communications according to an embodiment. The
method 800 includes receiving a USB communication 810,
decoding the USB communication into UART frames 820,
and adjusting the timing of the UART frames according to
a serial protocol 830.

As discussed 1n the foregoing, the step of receiving the
USB communication 810 can be comprised of receiving a
USB CDC communication. The USB communication 530
can include the serial request packet 510 that 1s encoded into
the USB communication 530 by the USB device 200. As
described 1n the foregoing, the encoding can add delays,
such as a timing delay, to the serial packet.

The step of decoding the USB communication into UART
frames 820 can include various operations. For example,
decoding the USB communication into UART frames 820
can 1nclude ordering the UART frames 1n a sequence that 1s
the same as the UART frames encoded into the USB

communication. Additionally or alternatively, decoding the
USB communication into UART frames can include buil-
ering the encoded UART frames to a rate that 1s compliant
with the data rate of an interface standard.

The step of adjusting the timing of the UART frames
according to a serial protocol 830 can include operations that
adjust time delays between serial packets, inter-character
delays, or the like. For example, adjusting the timing of the
UART frames according to the serial protocol 830 can
include removing an inter-character delay in the UART
frames. Additionally or alternatively, a time delay between

serial packets can also be adjusted. Adjusting the timing of
the UART frames can include proving an end-of-packet
delay, such as the EOP 640 or the STO 740 described in the
foregoing. If the end-of-packet delay does not meet the serial
communication standard, a delay may be added to the serial
request packet 510-710. Accordingly, the USB device with
stack timing adjustment 100 1s able to respond correctly to
the serial request packet 510-710.

The embodiments described above provides stack timing,
adjustment for serial communications. As explained above,
the method for stack timing adjustment 800 can adjust the
timing of the plurality of UART frames 520-720. Adjusting
the timing of the plurality of UART frames 520-720 can
include removing delays, such as timing delays, inter-char-
acter delays, or the like added to a serial request packet
510-710. By removing the delays, the USB device with
stack timing adjustment 100 can correctly interpret the serial
packets, such as the serial request packet 510 sent by the
USB device 200.

The USB device with stack timing adjustment 100 can
include the stack timing adjustment circuit 100¢ to perform
the method for stack timing adjustment 800. The USB
device with stack timing adjustment 100 can therefore
correctly execute commands in the serial packet. For
example, the USB device with stack timing adjustment 100
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can be a transmitter that reads data from a tlow meter and
sends the data to the USB device 200 via a serial response
packet 550-750.

Including the stack timing adjustment circuit 100¢ 1n the
USB device with stack timing adjustment 100 can reduce or
climinate components and devices. For example, the con-
verter box 16 described with reference to FIGS. 1 and 2 1s
not needed. In addition, the RS485 converter 144 described
with reference to FIG. 2 1s not needed. Additionally, the data
rates for communications between the USB device 200 and
the USB device with stack timing adjustment 100 can be
improved. For example, the USB communication 530-730
can be transmitted at much higher rates than many serial
interface standards, such as the RS232 standard.

Including the method for stack timing adjustment 800 in
the USB device with stack timing adjustment 100 can also
climinate the need for customers to modily software, ensure
compatibility of converter boxes, etc. For example, software
executing on the USB device 200 do not need to be updated
with, for example, proprietary USB communications proto-
col. The software can continue to send serial packets, such
as the serial request packets 510-710, without modifying or
developing new software.

The detailed descriptions of the above embodiments are
not exhaustive descriptions of all embodiments contem-
plated by the inventors to be within the scope of the present
description. Indeed, persons skilled in the art will recognize
that certain elements of the above-described embodiments
may variously be combined or eliminated to create further
embodiments, and such further embodiments fall within the
scope and teachings of the present description. It will also be
apparent to those of ordinary skill in the art that the
above-described embodiments may be combined in whole or
in part to create additional embodiments within the scope
and teachings of the present description.

Thus, although specific embodiments are described herein
for illustrative purposes, various equivalent modifications
are possible within the scope of the present description, as
those skilled 1n the relevant art will recognize. The teachings
provided herein can be applied to other stack timing adjust-
ment for serial protocols, and not just to the embodiments
described above and shown in the accompanying figures.
Accordingly, the scope of the embodiments described above
should be determined from the following claims.

We claim:

1. A method for stack timing adjustment for serial com-
munications, the method comprising:

receiving a universal serial bus (USB) communication;

decoding the received USB communication into universal

asynchronous receiver/transmitter (UART) frames; and
adjusting a timing of the decoded UART frames accord-

ing to a serial protocol by one of:

adding a delay to the decoded UART frames; and

removing a delay from the decoded UART frames.

2. The method of claim 1, wherein the step of decoding
the USB communication imto UART frames comprises
ordering the UART frames.

3. The method of claim 1, wherein the step of adjusting
the timing of the decoded UART frames according to the
serial protocol comprises adding a delay between two or
more serial packets encoded into the received USB com-
munication.

4. The method of claim 1, wherein the step of adjusting
the timing of the decoded UART frames according to the
serial protocol comprises removing inter-character delays
added to a serial packet encoded into the received USB
communication.
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5. The method of claim 1, wherein the serial protocol
comprises a Modbus protocol.
6. The method of claim 1, wherein the serial protocol

comprises a highway addressable remote transducer
(HART) protocol.

7. The method of claim 1, wherein the USB communi-
cation comprises a USB communication device class (CDC)
message with a serial packet.

8. A universal serial bus (USB) device with stack timing
adjustment for serial communications, comprising:

a USB controller configured to:

recetve a USB communication; and
extract an encoded serial packet from the USB com-
munication;

a microprocessor configured to decode the encoded serial

packet into universal asynchronous receiver/transmitter
(UART) frames; and

a stack timing adjustment circuit configured to adjust a
timing of the decoded UART frames according to a
serial protocol by one of:
adding a delay to the decoded UART frames; and
removing a delay from the decoded UART frames.

9. The USB device with stack timing adjustment accord-
ing to claim 8, wherein the microprocessor 1s further con-
figured to order the UART frames 1n a sequence.

10. The USB device with stack timing adjustment of
claim 8, wherein the stack timing adjustment circuit con-
figured to adjust the timing of the decoded UART frames
according to the serial protocol comprises the stack timing
adjustment circuit configured to add a time delay between
two or more of the serial packets encoded into the recerved
USB communication.

11. The USB device with stack timing adjustment of claim
8, wherein the stack timing adjustment circuit configured to
adjust the timing of the decoded UART frames according to
the serial protocol comprises the stack timing adjustment
circuit configured to remove inter-character delays added to
the serial packet encoded into the received USB communi-
cation.

12. The USB device with stack timing adjustment of
claim 8, wherein the serial protocol comprises a Modbus
protocol.

13. The USB device with stack timing adjustment of
claiam 8, wherein the serial protocol comprises a highway
addressable remote transducer (HART) protocol.

14. The USB device with stack timing adjustment of
claim 8, wherein the USB commumnication comprises a USB
communications device class (CDC) message with a serial
packet.

15. A communications system with stack timing adjust-
ment for serial communications, comprising;

a umversal serial bus (USB) device that 1s adapted to

encode a serial packet into a USB communication; and

a USB device with stack timing adjustment in commu-
nication with the USB device and configured to:
extract and decode the serial packet from the USB

communication; and
adjust a timing of the extracted and decoded serial
packet by being configured to one of:
add a delay to the extracted and decoded serial
packet; and
remove a delay from the extracted and decoded serial
packet.

16. The communications system with stack timing adjust-
ment of claim 15, wherein the USB device with stack timing
adjustment 1s further configured to respond to the serial
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packet with a serial response packet that 1s encoded into a
response USB communication.

17. The communications system with stack timing adjust-
ment of claim 15, wherein the USB device 1s a master that
1s further configured to encode a serial request packet mto 5
the USB communication.
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